The cause of cervical squamous carcinoma is unlikely to be unique and may contain components which are both intrinsic and extrinsic to the cervix. The pubertal metamorphosis of the cervix provides the best known intrinsic component-the ectopy of columnar glandular epithelium with the emergence of a new type of squamous epithelium. ' Pooled human serum was used in the culture medium throughout the study to avoid the action ofamine oxidase. The enzyme is present in bovine serum, even after inactivation at 56°C for 30 minutes, and converts spermine and spermidine to cytotoxic aldehydic products. ' DNA 
ANALYSIS
At the end of the incubation period cultures were harvested by trypsinisation and further processed for DNA analysis by flow cytometry 
Results

CELL LINES
HeLa, CaSki, and SiHa cell lines were chosen for this study as they were all derived from cervical carcinomas and contain HPV sequences. HeLa has 10-50 integrated copies of HPV-18 per cell with part of the genome from E2 to L2 missing. CaSki contains greater than 500 copies of HPV-16 per cell, all integrated, while SiHa has about 10 copies per cell of HPV-16, missing E2, E4, and some L sequences. The three cell lines responded differently to the polyamines spermine and spermidine, used at concentrations of 0-450 jug/ml. In the case of SiHa cells no changes in DNA profile were seen at any concentration at 24 hours, but at 48 hours a hypodiploid peak was observed below the GO/G1 peak labelled An (aneuploid) (fig 1) . The hyperploid peaks were unexpected and further studies were done using Vero cells as these cells also showed a consistent hyperdiploid and hypertetraploid peak 48 hours after incubation with 10 jg/ml spermidine ( fig 3A  and B fig 4A and B) . The DNA stain was then carried out on each population. Figure 4D shows that the DNA from the viable cell population contained the hyperdiploid peak (seen as a "step" on the descending limb of Go/ GI), while the DNA from the non-viable cells did not (fig 4C) .
CERVICAL CELLS
Great care was taken to remove only the transformation zone of the hysterectomy specimens and 18 biopsy specimens were successfully cultured yielding squamous epithelial cell outgrowths, an example of which is shown in fig 5. The cultures were incubated in the presence of spermine, spermidine, or 1, 3-propanediamine at concentrations ranging from 0-2-50 jg/ml, and the cell cycle analysed. There was no significant difference within the cell cycle compartments, even at the highest polyamine concentration (table) . On occasion, however, both spermine and spermidine at 5 ,ug/ml or higher gave rise to histograms which exhibited aneuploidy with a DNA index of less than 1 0 (fig 6) . These samples have been excluded from the table. The aneuploidy was found in two samples with spermine at 5 ,ug/ml and four at 50 jug/ml, and in three samples with spermidine at 5 sg/ml and seven at 50 ,ug/ml. Only some cultures showing aneuploidy at 5 pg/ml were also aneuploid at 50 ,ug/ml. Aneuploidy was not seen with 1,3-propanediamine at any concentration.
Discussion
Most studies on polyamines have concentrated on the effects of their depletion in cells using inhibitors affecting their synthetic pathways. We wished to find out what happened to the DNA during the cell cycle of cervical cells when exogenous polyamines were present in the culture medium at or below the concentrations found in seminal fluid. The existence of a polyamine transport system has been shown in eukaryotic cells.'3 Polyamines therefore accumulate intracellularly and are partially interconverted inside the cells.
Although the functions of polyamines in mammalian cells remain obscure, they seem to be essential for cell growth.5 The precise mechanisms of growth stimulation are difficult to define but include promoting or accelerating effects on all the major processes of prolifera- Two unexpected effects, hypodiploidy and hyperdiploidy, were noted. These were not due to cell death as, in the case of hypodiploidy, an appropriate G2M peak was seen at a channel number twice that of the GO/GI (figs 1 and 2), indicating that these cells are capable of division; in the case of hyperdiploidy cell sorting showed that the cells were viable. It is also possible that the polyamines had caused abnormal condensation of DNA in some cells, or perhaps had inhibited unwinding of the DNA helix, thus preventing the propidium iodide from intercalating and giving a false impression of the DNA content. Whatever the mechanism(s) it is clear that exogenous polyamines can change the structure of cellular DNA, and hence its function and regulation, and that they do so without loss of viability or mitotic potential. Thus the control of the cell may be sufficiently changed to predispose to dysplastic changes; further enhancement by other interacting factors, such as concurrent HPV infection, may be found. The protection afforded by cervical mucus is of obvious importance as it may prevent exogenous polyamines reaching the epithelial cell surface. On the other hand, high concentrations of nicotine21 22 
